Objectives The aims of the study were to explore the association between depressive symptoms (DS), physical activity (PA), aerobic and muscular fitness in a sample of children. Methods Four hundred and fifty-six schoolboys aged 7-11-year-old underwent standard anthropometry and various physical fitness tests (e.g., aerobic fitness, strength, speed, power, agility and flexibility). DS and PA were obtained by questionnaires. Results After adjustment for potential confounders (e.g., age, socioeconomic status and adiposity), PA was significantly and negatively related to DS (P \ 0.05). Among the physical fitness tests, just time in one-mile run/walk was significantly related to DS (P \ 0.05). Conclusion Physical activity and aerobic fitness were significantly correlated with DS; however, no significant relationship was observed between DS and the muscular fitness tests in the children.
Introduction
Depression has been shown one of the more serious forms of illness in childhood, and depressive episodes may lead to potential life-threatening outcomes [1] , and it has been reported that rate of psychological illness in children and adolescents is increasing [2] . It is very possible that adults developing depression initiated by minor depressive symptoms (DS) in childhood, while minor depression in childhood/adolescence has been reported with an increased risk for developing bipolar disorder and substance abuse [3] [4] [5] . Depression in childhood and adolescence is reported to be associated with an enhanced risk of suicidal behavior, or is the leading risk factor for suicide [6, 7] .
Several factors have been shown to be associated with DS. For instance, some researchers have reported that daily physical activity (PA) decreases DS in children [8, 9] . However, although the effect of PA on mental health has been the subject of research for several decades, nonetheless, there is a lack of studies investigating the association between different components of physical fitness, including both cardiorespiratory fitness (CRF) and muscular fitness (e.g., strength, speed, power, agility, etc.) and DS [10, 11] , especially among children [12] . For instance, significant cross-sectional and prospective relationships have been shown between CRF and mental health [12] [13] [14] , and some have reported that high CRF protects against the development of DS [15] [16] [17] . However, some researchers have reported that self-reported PA but not CRF is related to lower DS in men and women [18, 19] , and some others reported equivalent results [20, 21] . In addition, some previous studies based on the relationship between DS and PA/fitness did not adjust their analysis for some potential confounders, such as age, adiposity and socioeconomic status (SES) that might confound the associations [14, 17, 19, 22, 23] .
The aims of the current study were to explore the crosssectional associations between DS, PA, and physical fitness including both CRF and muscular fitness (e.g., strength, speed, power, agility and flexibility), while adjusting for possible potential confounders (e.g., age, adiposity and SES) in a sample of children.
Methods

Participants and procedure
In 2013-2014, this cross-sectional study's data were drawn from a sample of four hundred and fifty six 7-11-year-old schoolboys. Three schools were selected randomly from a list of boys' urban public elementary schools (total number = 60) in the center of Ardabil Province, North West of the Iran. At the second stage, classes in each school were selected randomly and boys of the selected classes (28 classes, total number of candidate children = 707) were invited to the study. Exclusion criteria were as follows: known presence of chronic disease and musculoskeletal injury that prevent the children from performing the fitness tests. Children who were invited and passed the exclusion criteria of the study and gave their consent verbally (n = 609) were given a written consent form for their parents approval. 560 signed consent forms were collected and the owners were recruited in the study. However, at the end of the study, complete data were collected from 456 participants (dropped data because of absence, illness, withdrawal of the study for some personal reasons, etc.). Age of the participants was determined from their date of birth in their school register. Measuring of anthropometric variables was done in an empty room, when the participants were at rest. The physical fitness tests that children underwent were carried out during regularly scheduled physical education lessons. All measurements were done during the fall-spring (9 months) of the year 2013-2014. The present study was approved by the Human Ethics Committee of the Ardabil Department of Education, and the experiment was performed in accordance with the ethical standards of the committee and with the Helsinki declaration. All the children volunteered for the present study and informed consents according to the rules of the department were acquired from all the participants in written and parents' signed form. General characteristics of the participants are shown in the Table 1 .
Aerobic and muscular fitness
The children underwent seven physical fitness tests according to standard methods [24] [25] [26] [27] . In the present study, one-mile run/walk test was used for measuring aerobic fitness; while rest of the fitness tests were used for measuring muscular fitness of the children.
One-mile walk/run test This test was used to assess aerobic fitness. The objective of the one-mile run/walk test was to cover a mile in the shortest time possible. The children were encouraged to run throughout the test and to take walking breaks only as needed. The children were also reminded to avoid starting too fast to avoid premature fatigue. Performance in the one-mile run/walk test has been correlated with VO 2max and validated for children [27] . Sit and reach Participants sat on the ground with straight legs against a standard reach box with 23 cm marked at the level of the feet. They were instructed to reach smoothly forward and sustain in the extreme reach position for 2 s. This test measures the flexibility of the hamstrings, buttocks, and lower back [26] . Hand grip strength test This test was used to assess static strength of the boys. It was done by squeezing a calibrated digital hand dynamometer (Takei A5001 Japan) as forcefully as possible with the dominant hand [26] . 4 9 10 m shuttle run test This test was used for measuring speed of movement, agility and coordination assessment. On command, the subject run across to pick up one block or bag and return to place it behind the starting line, and again run back to pick up the second block or bag and run towards and across the starting line [24] . Modified pull ups To measure upper arm and shoulder girdle strength and muscular endurance [27] . Standing long jump Jumping for distance from a standing start was used to measure explosive strength [26] . 30 m sprint (from standing position) This test was used for measuring speed of movement. The agility, run speed, sit and reach and long jump tests were performed twice, and the fastest time or better performance was recorded. A hand held stop-watch was used for recording time to the nearest 0.01 s (Joerex, ST4610-2, China).
Depressive symptoms (DS)
Children's depression inventory (CDI), a reliable and wellvalidated twenty-seven item questionnaire with total scores ranging from 0 to 54, was completed by the boys, to assess DS [28] . The boys had to choose the best description for themselves among three statements with different severity (score 0-2), which belong to each item of the questionnaire. The boys were recommended to fill out the CDI questionnaire by their parents' supervision. Although a new CDI version has been introduced, because it has not been validated in Iranian children, therefore, older version of CDI, which has been validated and used in both Iranian and Arabian children [29] [30] [31] , was used in the study. The CDI is the most widely used measure of DS in children, with good support for its reliability and validity [32, 33] .
Physical activity (PA)
PA for children was measured using the PA QuestionnaireChildren (PAQ-C) [34, 35] with some alternations according to our society [12] . For example, some sports and games (such as baseball, softball, rowing or canoeing, ice hockey or ringette, cross-country skiing, ice skating) were exchanged with some local games. The PAQ-C is used to assess the PA behaviors of the participants at different times and places (i.e., during school, after school, recess, weekend, etc.) during the previous 7 days. Scoring is based on a 5-point Likert type scale, with an overall PA score derived from the mean of each scored item. Higher levels of PA are indicated by greater scores and vice versa.
The PAQ-C has been tested and re-tested, and results have indicated that the questionnaire is reliable and valid measure of PA for children during the school year. Moderately high validity coefficients have been reported for the questionnaire when compared to a variety of criterion measures, including activity ratings, recall questionnaires, and activity monitors (r = 0.39-0.63) [34] . The test-retest reliability for the PAQ-C ranged from r = 0.75-0.82 and internal consistency reliability values (coefficient alpha) ranged from 0.81 to 0.86 [36] . This questionnaire is widely used in research, in order to assess PA of large and small populations at low cost [35] . Children were recommended to fill out the PAQ-C by their parents' supervision.
Possible covariates/confounders
Anthropometric variables
Weight was measured in underwear and without shoes with an electronic scale (Type SECA 861, Germany) to the nearest 0.1 kg, and height was measured barefoot in the Frankfurt horizontal plane with a telescopic height measuring instrument (Type SECA 225, Germany) to the nearest 1 mm. Subcutaneous fat percentage was measured as a reliable overall obesity index than body mass index (BMI) in the children [37, 38] . Lange skinfold calipers were used to assess triceps (vertical fat fold taken midway between the olecranon process and acromion process on the posterior aspect of the arm) and calf (vertical skinfold taken on the medial aspect of the calf at the point of largest circumference) skinfold thickness [39] . All measurements were taken on the right side of the body. The average of three measures was calculated for each site and the following equation was used to predict percent fat [39] :
Boys : %fat ¼ 0:735 sum of average skinfolds ð Þ þ 1:0
Socioeconomic status (SES)
SES was computed from parents' education and occupational status. Monthly household income was collected in the following Iranian Rial categories (note US $1 equals approximately to 34000 Rial in Iran): 1 B 4000000 Rial; 2 = 4000000-8000000 Rial; 3 = 8000000-12000000 Rial; 4 = 12000000-16000000 Rial; 5 = 16000000-20000000 Rial; 6 = 20000000-25000000 Rial; 7 = 25000000-30000000 Rial; 8 = 30000000-40000000 Rial; 9 = 40000000-50000000 Rial; 10 C 50000000 Rial.
The highest educational level attained by either parent was collapsed into the following categories: 0 = no education; 1 = elementary; 2 = secondary 3 = some high school 4 = completed high school; 5 = bachelor degree 6 = Master of Science/Arts; 7 = PhD, Doctoral, etc.
In cases where SES scores were available for both parents, the mean was used. Self-administered questionnaire which was answered by the boys' parents was used for obtaining parents' education and occupational status.
Data analysis
Descriptive statistics were run on all variables. Before further analysis, all data were checked for normality by Kolmogorov-Smirnov test, and appropriate transformations using natural logarithm (transformation by exponential value) were applied when necessary. Initial Pearson product-moment correlations were conducted on DS, demographic variables (age and SES), %fat, PA score and the physical fitness variables. Any variable exhibiting a significant correlation with the dependent variable (DS) was included as a covariate/confounder in the multiple linear regression analyses. Hierarchical linear regression analyses were conducted as follows: age, SES and %fat (significant demographic variables; according to results of Table 2 ) were included in the first step of the regression analyses and PA was added into the second step and each of the physical fitness variables was added into the third step of the analysis, separately. All calculations were performed using SPSS v.21.0 software for Windows. The significance level was set at P \ 0.05.
Results
Pearson product-moment correlation analyses (Table 2 ) demonstrated a significant correlation of DS with age, SES, BMI, %fat, PA, one-mile run/walk, grip strength and long jump (P \ 0.05).
Multiple regression analysis (Table 3) revealed significant relationship of DS with age, %fat and PA (step 2; P \ 0.05). Among the physical fitness variables, just introducing time in one-mile run/walk had significant effect on the model (F change = 23.9; P \ 0.001) and showed significant relationship with DS (standardized b = 0.37; P \ 0.001). None of the muscular fitness was significantly correlated to DS and introducing them to the model had no significant effect (P [ 0.05).
Discussion
The result of significant relationship between DS and PA is consistent with results of both cross-sectional and longitudinal studies [8, 9, 12, 18, 19, 22] . According to the ''protection hypothesis,'' it has been suggested that PA protects against depressed mood and several biological and psychological mechanisms [40] . For instance, the hypotheses propose that PA provides experiences of mastery and control, is a distractor from everyday stressors and negative thoughts, influences self-esteem, and improves the retrieval of positive thoughts [41] . Nonetheless, it should be stated that it is very possible depressed mood disable person to be physically active [42] , and also some longitudinal studies have failed to indicate significant effect of PA on DS [40] . A recent systematic review concluded that based on little currently evidence, the effectiveness of exercise on treatment of major depression is still unknown, Table 2 Pearson correlation among the study variables but exercise is beneficial for many other reasons, and in combination with other effective treatments would seem to make sense in the treatment of depression [43] . The results of the study indicated no significant relationship between DS and muscular fitness (e.g., static strength, explosive strength, etc.) in the boys. It should be stated that there is little evidence based on the relationship between DS and different components of physical fitness including both CRF and muscular fitness, especially among children [12] , and searching the literature just the relationship of DS with aerobic fitness and static strength was observed. For instance, among young adults, poor hand grip strength reported with increased levels of DS just in men participants (but not women) [11] . In other recent studies among older subjects, high DS were reported with worse hand grip strength [11, 44] . The result of the present study based on the relationship between static strength and DS is not consistent with the previous studies among adults and older people [10, 11, 44] , but is according to the results of a recent study in a sample of children [12] . As it has been demonstrated consistently, higher grip strength is significantly and positively related to higher adiposity in both children and adolescents [24, 25] , and higher adiposity is related to higher DS. Therefore, the lack of no significant relationship between DS and higher static strength may be mediated by higher adiposity in the children. However, because of the cross-sectional nature of the study and lack of evidence underlying relationship between DS and muscular fitness, the study is unable to discuss more of the observed relationships.
The results indicated significant relationship between DS and aerobic fitness in the boys. Several studies have shown significant relationship between DS and aerobic fitness [12] [13] [14] [15] [16] [17] , and some reported that higher CRF may be as a protective factor against the development of DS [15] [16] [17] . For instance, although significant association has been shown between depression and obesity [45] , among homogenous obese adolescents, it was observed that those with elevated DS displayed poorer CRF than those without elevated DS [46] . However, some studies failed to observe significant relationship between CRF and DS [11, 18, 19] . The inconsistency in results of the studies may be because of some methodological, population being studied and covariates included in the studies. CRF is the major component of physical fitness most relevant to an individual's risk of developing metabolic disease [47] , and can be highly and positively influenced by regular engagement in moderate-to-high intensity PA [48] . In addition, numerous studies have shown that prescribed PA as a behavior factor can benefit both DS across with physical fitness and obesity [8, 9, 18, 19, 22, 49, 50] . Some recent longitudinal studies failed to show relationship between leisure time PA and declined DS among adolescent, but they did not measure CRF changes in their studies [40] . Longitudinal studies reported that promotion of CRF may be an important strategy for preventing depression in adolescents [15] [16] [17] .
The present study results indicated that obesity was significantly associated with DS in the boys. Although depression and obesity have traditionally been compartmentalized as separate emotional and physical health conditions, interactions and common pathways have been proposed between them [45] . For instance, altered stress system and increased inflammation may be a common link between depression and obesity. Another possible role of serotonin in the relationship between depression and obesity has been suggested recently. However, the relationship between depression and obesity is complex and further longitudinal studies are needed [45] .
Although the study has some strengths points such as sample size, considering various variables and potential confounders; nonetheless, because of some limitations of the study, results need to be interpreted with caution. For example, the cross-sectional nature of the study limits the possibility to draw conclusions about causality of any of the observed relationships. Using questionnaires for obtaining PA and DS is another limitation of the study; although reliability of the questionnaires has been shown [33, 34] . Although the physical fitness tests examiners tried to motivate the children for exhibiting their best physical fitness performances, not being in good mood could affect their motivation. Lacking subjects of both sexes is another limitation of the study.
